The influence of genetic factors could intervene at any level of the immune response from the recognition of antigen through the synthesis and secretion of specific immunoglobulins or the function of the effector cells of delayed hypersensitivity. Autosomal dominant immune response genes have been shown to exert quantitative and qualitative control over antibody production in mice and guinea pigs (1). Cell-mediated immunity is controlled in a qualitative, all-or-none fashion by these genes in guinea pigs (2). In both species, genetic mapping studies have shown a very close linkage between specific immune response genes and the major histocompatibility locus. Although the cell type(s) in which specific immune response genes function have not been determined directly, several observations in both mice and guinea pigs suggest that some of these genes are expressed in thymus-derived (T) ~ lymphocytes. (See reference 2 for a description of known histocompatibility-linked immune response genes and a review of the evidence that is consistent with their expression in thymus-derived cells.)
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Lymphocyte transformation stimulated b y the mitogens concanavalin A and phytohemagglutinin has been shown to be a property of thymus-derived lymphocytes t h a t m a y be functionally related to the in vivo expression of delayed hypersensitivity b y this cell t y p e (3). Observations described here show that in several inbred mouse strains the mitogen-stimulated D N A synthetic responses of normal spleen cell populations differ. These responses are controlled b y more than one autosomal dominant gene. No linkage of one of these genes to the H-2 histocompatibility locus could be demonstrated.
10 million cells and a single additional injection 10 wk after the fifth boost. Batch II was prepared by immunizing AKR/J mice with 15 million C3HeB/FeJ thymus cells and 0.2 NIH antigenic units of killed Bordetdla pertussis vaccine (V-1035, Control 5CN98A, Eli Lilly & Co., Indianapolis, Ind.), iollowed by five weekly booster doses of 10 million cells and, after 1 month, by two weekly booster doses of 10 million C3H/HeJ thymus cells. All animals were bled 1 wk after the last injection.
Monospecific anti-H-2 d [anti-31, prepared by immunizing (C57BL/6 X A)F1 against B10.D2] ascitic fluid was the generous gift of Dr. Henry Winn. Multispecific anti-H-2 d was prepared in collaboration with Dr. Eric Martz, by immunizing C57BL/6 mice with P815 mastocytoma (DBA/2 origin) cells. Both anti-H-2 ~ preparations were spocifically cytotoxic for BALB/c and B6CF1 lymph node cells, but not for C57BL/6 lymph node cells. (Fx X C57BL/6) backcross animals were designated H-2 ~a if both anti-H-2 d sera were specifically cytotoxic to their lymph node cells. In all animals tested, the monspecific and multispecific anti-II-2 d sera gave identical typing results.
Cytotoxidty Tests.--Equal volumes of cell suspension, 5 million cells/ml in L-15 + 10% FCS, and diluted antiserum were mixed and incubated for 15 min at 37°C. The cells were washed once in L-15 + FCS, resuspended in 1:32 normal guinea pig serum (lot No. 1051401, BBL, BioQuest Div., Becton, Dickinson & Co., Cockeysville, Md.), and incubated at 37°C for 30 min. After another wash in L-15 + FCS, the cells were resuspended in 0.02% trypan blue in L-15 without FCS and added immediately to a hemocytometer chamber. The percentage of dead (blue) cells was determined by counting 100 or more lymphoid cells under high-power magnification. Antiserum dilutions maximally lytic for spleen cells were chosen. A modified cytotoxicity test in which the washing steps were omitted and the incubation temperatuse was 25-27°C was used with batch I anti-0C3H. Normal mouse serum was obtained from (AKR/ J X C3H/HeJ)F2 mice.
RESULTS

Mitogen-Stimulated DNA Synthetic Responses of Spleen Cells from Various
Inbred Mouse Strains. -P r e l i m i n a r y studies of the D N A synthetic response of BALB/c spleen cells stimulated by Con A in a culture system containing 5 % FCS from a single lot (No. 171170) indicated that peak responsiveness occurred at 1/zg/ml Con A. Different lots of fetal calf serum resulted in different mitogen-stimulated responses for the same spleen cell population. Therefore, comparisons can be made only among responses obtained with the same lot of FCS. Spleen cells from several individual animals of various strains were cultured under these conditions (Table I) . Cells from BALB/c mice (H-2 e) responded nearly three times as well as C57BL/6 (1t-2 b) cells, as illustrated by the difference in thymidine-3H incorporation between Con A-stimulated and unstimulated cultures. A K R and C3H (both H-2 k) cells showed an intermediate response that was significantly different from those of both BALB/c and C57BL/6. It should be noted that the responses of A K R and C3H cells were not significantly different even though thymidine-3H incorporation by unstimulated A K R spleen cells was nearly four times greater than by C3H cells (Table I) .
Mitogen-Stimulated Responses of BALB/c, C57BL/6, and B6CF1 Cells.-D a t a presented in Fig. 1 show the dose-response curves of the Con A-stimulated D N A synthetic response of spleen cells from BALB/c, B57BL/6, and B6CF1 mice. C 5 7 B L / 6 spleen cells responded least well at all doses of Con A, and no significant differences were detected between B A L B / c and B6CF1 cells at any Con A dose. I n these and subsequently presented studies, F C S lot No. 378B was used. * Thymidine-3H incorporation data are expressed as mean 4-standard error of TCAprecipitable cpm for triplicate cultures of 1 million spleen cells. Cultures of 1.5 ml containing 5% fetal calf serum (lot No. 171170) in RPMI-1640 were incubated at 37°C in 95% air + 5% CO2 for 72 hr with 1 #Ci of thymidine-3H (specific activity 1.9 Ci/mmole) added for the final 24 hr. Adult mice of both sexes were used.
Viability was determined by trypan blue exclusion on cultures from three or four separate spleens.
§ Data are expressed as mean 4-standard error of the increment of thymidine-3H incorporation in cpm of cultures stimulated by 1.0 #g/ml Con A compared with incorporation of unstimulated cells from the same spleen.
[I Student's two-tailed t test.
Similar differences between B A L B / c and C 5 7 B L / 6 cells were observed when the P H A -s t i m u l a t e d D N A synthetic response for these spleen cells was studied (Fig. 2) . B A L B / c cells again responded significantly better t h a n C 5 7 B L / 6 cells at P H A concentrations of 0.5 /~g/ml or greater. As with Con A, the response of B6CF1 cells was not significantly different from t h a t of B A L B / c cells, but it was significantly different ( P < 0.025) from t h a t of C 5 7 B L / 6 at P H A concentrations of 1 # g / m l or higher.
( Table I I test of the arithmetic mean DNA synthetic responses and unstimulated thymidine-3H incorporation for the data plotted in Figs. 1 and 2. )
Effects of Total Culture Time and Cell Number. -T h e differences between BALB/c and C57BL/6 spleen cell DNA synthetic responses stimulated by Con A or PHA were shown not to be due to differences in optimal culture times for the two cell types. Cultures were incubated for 48, 72, 96, and 120 hr with 1.33 #g/ml Con A or 0.33/zg/ml PHA, and 1 #Ci of thymidine-3H was added for the final 18 hr. In each case, BALB/c spleen cells incorporated a significantly higher number of cpm compared with C57BL/6 cells. * C o m p a r i s o n b y S t u d e n t ' s t test of m e a n responses p r e s e n t e d in Figs. i a n d 2.
When increasing numbers of C57BL/6 cells were cultured under identical conditions, 4 million C57BL/6 spleen cells showed a Con A-stimulated DNA synthetic response similar to that of 1 million BALB/c cells (Fig. 3) . Similarly, 0.5 million BALB/c cells responded to Con A better than 1 million C57BL/6 spleen cells (Fig. 4) , but the response was not directly proportional to cell number. Similar cell dose phenomena were observed in the case of PHAstimulated responses.
Thela-Positive Cells in B A L B / c , C57BL/6, and B6CF1 Spleens.--Since Con A and PHA stimulation of DNA synthesis is predominantly a property of thymusderived cells, the proportions of 0-positive cells in BALB/c, C57BL/6, and B6CF1 spleens were determined, using two batches of anti-0 serum and two separate cytotoxicity testing techniques (Table III) . Regardless of the method used for calculating the proportion of 0-positive cells, BALB/c spleens had the highest value. However, the only significant difference at the 0.01 level was plus rabbit complement and with multispecific anti-H-2 a antiserum (C57BL/6 anfi-DBA/2) plus guinea pig complement. The sex of individual backcross animals is indicated by the appropriate symbol. Culture conditions were as described under Fig. 1 except that the Con A preparation used here had been stored in saline solution at room temperature for approximately I0 months.
Mitogen-Stimulated Responses of (F, X C57BL/6) Backcross Animals and Relation to 11-2 Specificity.--Spleen
GENETIC CONTROL OF THYMUS-DERIVED
CELL FUNCTION. I the curves and points in Fig. 5 cannot be directly compared with those in Fig. 1 ; but it appears that the range of responses for backcross animals was equal to, or greater than, the range of responses of BALB/c and C57BL/6 cells. PHA-stimulated DNA synthetic responses of spleen ceils from the same backcross animals are shown in Fig. 6 . In this case the average response of backcross animals showed the same relation to PHA dose as that of BALB/c and C57BL/6 cells. Like the Con A-stimulated responses, the individual (F1 X C57BL/6) backcross spleen cell responses were unrelated to the sex or H-2 specificity of the backcross animal cells. Individual backcross animals' responses spanned a range greater than that of BALB/c and C57BL/6 cells, while the average response for all backcross animals fell in between the C57BL/6 and BALB/c levels at PHA concentrations of 0.5 #g/ml or greater.
The mean DNA synthetic response of ( F I X C57BL/6) backcross littermate spleen cells with H-2 ba specificity compared with those w i t h / / -2 ~ specificity were not significantly different (P > 0.10) at any dose of Con A or PHA.
When individual backcross littermates were ranked according to the thymidine-~H incorporation of unstimulated spleen cells compared with the peak Con A-or PHA-stimulated DNA synthetic response, a significant (P < 0.001) ~/ / 1 --2 with n --2 degrees of freedom (n > § Student's t = r __ r 2 10).
[[ Rank correlation coefficient for peak Con A-stimulated and peak PHA-stimulated D N A synthetic response was 0.827 (P < 0.005).
correlation was observed in both cases. The correlation between the peak Con A-and the peak PHA-stimulated DNA synthetic response was slightly less significant (P < 0.005) (Table IV) .
DISCUSSION
The observations reported here show that a constant number of spleen cells from different inbred mice display statistically significant differences in the degree of mitogen-stimulated DNA synthesis in vitro. Since the in vitro DNA synthetic response to Con A and PHA can be partially or completely blocked by pretreatment of the cells with anti-0 serum and complement (4), some of the genes that control this phenomenon must be expressed in, or regulated by, thymus-derived cells.
Spleen cells from mice of H-2 specificities H-2 d (BALB/c), H-2 b (C57BL/6), a n d / / -2 k (AKR and C3H) differed significantly in their responses to an optinlum level of Con A. AKR and C3H spleen cells responded similarly when the measure of response was the increment in thymidine-~H incorporation of Con A-stimulated compared with unstimulated cultures, although the unstimulated incorporation by AKR cells was much greater than that of C3H cells. Thus, any relationship between H-2 specificity and mitogen-stimulated response might best be demonstrated by measuring the increment in DNA synthesis of stimulated compared with unstimulated cultures. The response of B6CF1 spleen cells stinmlated by Con A and PHA was not significantly different from that of cells from the high responder BALB/c parent. This observation plus the similarity of responses between cells from male and female B6CF1 animals, suggests that autosomal dominant genes play a major role in regulating this response. The dose-response curve for B6CF1 cells stimulated by Con A is nearly identical to that of BALB/c cells. Thus, no gene dose effect has been observed for Con A stimulation.
The response curves of B6CFI and BALB/c cells to PI-IA were not the same, but the differences were not significant. However, the differences between B6CFI and C57BL/6 cell responses were statistically significant (P < 0.025) for doses of 1 pg/ml or higher.
Spleen cells from littermates of a backcross of the B6CF1 animals to the lowresponder C57BL/6 strain varied widely in their response to both Con A and PHA. Therefore, neither response is controlled by a single dominant gene. There was also no obvious correlation of mitogen-stimulated response with sex or H-2 specificity of the backcross animals. These observations rule out the possibility that the Con A-or PHA-stimulated DNA synthetic responses are controlled by single dominant genes linked to the H-2 locus. The data are consistent with polygenic control, and the possibility of linkage between some pertinent genes and histocompatibility loci remains open.
Genetic control of mitogen-stimulated DNA synthesis in vitro could operate at many levels. Strain differences that affect the ability of the cells to function optimally under the culture conditions employed may be irrelevant to the mitogenic response as a measure of thymus-derived cell function. Although no strain differences in viability of unstirnulated cultures were observed, the requirements of maximally stimulated cultures may differ among strains. A genetically controlled difference in the cell cycle length, as has been noted in other genetically controlled responses of mouse cells, 2 could also account for the differences observed.
The relationship between cell number and mitogenic response for both the low-responder C57BL/6 and the high-responder BALB/c strains suggests the possibility of genetic differences in the proportion of an essential ceil type in the spleen; but although high-responder BALB/c spleens also contained the highest proportion of 0-positive cells, no simple relationship between the proportion of 0 positive cells and the mitogenic response was observed.
The mitogen-stimulated DNA synthetic responses of individual backcross animals were positively correlated with the level of thymidine-SH incorporation by unstimulated spleen cells. A positive correlation between PHA-and Con A-stimulated responses was thus an expected Consequence. Since the binding of Con A and PHA on the lymphocyte cell surface is inhibited by different sugars, which suggests different receptors (5-7), one might conclude that the genetic differences observed here reflect genetic control of DNA synthesis by, or its stimulation in, thymus-derived cells at a level other than antigen or mitogen recognition. These genetically controlled differences in the response of T cells to mitogens may therefore be the counterpart of the selection obtained by Biozzi et al. (8) at the B cell level in their high and low antibody-producing mouse lines. These investigators have demonstrated that these two lines of mice differ primarily in the rate of division of the precursors of antibody-producing cells3 If this interpretation is correct, the genetic differences observed in this study could be used to select high-and low-resp0nder lines for functions of thymus-derived cells. 
